Each colorful foothold strand extended from the DNA origami track represents one row (totally 5 strands) of identical footholds. At each station, the walker AuNR binds to two parallel rows of the footholds during each walking step. There is always one row of the footholds which binds to the walker to ensure progressive walking. For example, at the initial state (station I), the walker binds to rows A and B. During the walking process, the walker always binds to row B. The addition of blocking strands a enables the displacement of the foot strands from row A. Meanwhile, blocking strands c were released by their removal strands to activate the foothold C. These two processes make footholds C become accessible for the walker feet and the walker then binds to footholds C, finishing the first step. As every foothold can be reversibly blocked and activated, the track is reusable. This implies that the walker can do reversibly directional walking.
Supplementary Figure 2 | UV-VIS spectra of the walker. a. UV-VIS spectra of the sample at different stations. The transverse and longitudinal modes are at 510 nm and 730 nm, respectively. b. Experimental and calculated extinction spectra. Apparently, the extinction spectra cannot provide useful information on the conformational changes of the plasmonic assemblies in that the spectra display nearly the same profile at different stations. The concentration of the AuNRs in the sample can be estimated to be 0.67 nM based on the absorption. It is worth mentioning that in the CD calculation, we assumed that all AuNRs were assembled on origami, that is, an assembly yield of 100%. However, in the experiment the assembly yield cannot be ideal. This explains the intensity difference between the experimental and calculated CD. The dimension of the AuNRs is estimated to be 35 nm×10nm. The vertical distance between the two AuNRs is estimated to be 18 nm according to the DNA structure. To achieve insight into the walking process, CD spectra as a function of walking distance were calculated (a). The experimental CD spectra (b) are shown for comparison. Stations I, II, III, IV, and V correspond to the displacements of -14 nm, -7 nm, 0 nm, 7 nm, and 14 nm. Each step size of the walker is 7 nm. The agreement between the experimental and calculated CD spectra is very good. In order to quantitatively describe the sensitivity of the plasmonic walker, a figure of merit of a chiral plasmonic walker is introduced as "CD (mdeg)/walking distance (nm)" (CD-M), that is, the ratio between the CD intensity at a signature wavelength and the walking distance. The experimental and calculated CD-Ms are 13.6 mdeg/nm and 19.5 mdeg/nm, respectively. This implies that the CD intensity can change as large as 13.6 mdeg per nm, ensuring optical probing of the dynamic process with high sensitivity. Due to structural deformation on the TEM grids resulting from the drying process, the 3D conformation changes of the structures at different stations cannot be clearly distinguished using standard TEM spectroscopy. However, the 3D conformation changes of the structures at different stations can be clearly discriminated using CD spectroscopy optically. 
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